Abstract. Boron alloyed steels, especially 22MnB5, have been the point of focus for the materials choice in hot stamping. Objective of this project is to analyze the effect of heat treatment on its flexural performance. In this paper, five conditions of boron steels are analyzed. Specimens consist of the as-received (A), hot pressed (H) and quenched boron steel (QA,QWR, QWC). Flexural test was conducted to give more evidence on the flexural strength of the boron steel based on their process of heat treatment. Result show that Boron steel 22MnB5 undergone quenching process by using water at room temperature yield highest flexural strain.
Introduction
Recent developments in the automotive industry focused on the design of high strength steels. The challenge is to reduce car body weight and carbon dioxide emissions while increasing the passenger safety. This leads to the demand for stronger and more ductile materials like AHSS (Advanced High Strength Steels). The AHSS are multi-phase steels consisting of hard phases like martensite, bainite and retained austenite embedded a soft ferritic matrix [1] .
At high temperature, sufficient toughness and strength due to quenching can be obtained from these steels. At low temperature, these steels are resistant to abrasion, but when performing tempering and quenching it makes the steels prone to fracture or broken when they encounter hard objects during their work [2] . The solution to this problem is to replace the unalloyed steel by modern structural materials such as alloy boron steel with high strength and high resistance to abrasive wear.
As-delivered the base material 22MnB5 has a ferritic-pearlitic microstructure with a tensile strength of about 600 MPa [3] . In order to achieve high strength by hot stamping with high strength steels, materials should be heated above austenitic temperature and then cooled rapidly such that the martensitic transformation will occur [4] . Normally, the tools are heated up to 200°C without active cooling systems in serial production [5] . However, in hot forming processes, the tool temperature must maintain below 200°C to achieve high strength.
Due to the high demand for reduced vehicle weight, improved safety, and crashworthiness qualities, the need to manufacture automobile components made of ultra-high strength steels is apparent. Thus importance of 22MnB5 is rising due to its lightweight construction potential. The possibility of reaching high strength by a heat treatment of the boron steel allows decreasing wall thicknesses.
Besides the mechanical properties like strength and formability, knowledge about the performance of these materials is very important. Thus, this study have been conducted to investigate the flexural performance of the boron steel, steel that is increasingly demanded in automotive industries.
Methodology
Specimens.The specimen for this process which is boron alloy steel 22MnB5 were sheet with dimension of 30mm x 10mm x 1mm. There are 5 types of specimens that have been prepared for the test. It consists of the Hot Press Formed specimen taken from an actual automotive parts and referred as HPF, the non-heat-treated as-received specimen is referred as AR, RT is referring to specimen that Heat Treatment. Specimens were heated in the furnace at a constant temperature of 900 C for 1 hour. After that, the specimens were cooled by using water at room temperature, cold water and cooling at the room temperature.
Flexural Test. Flexural test was conducted by using the universal testing machine and made according to ASTM E290. The load is applied at the midspan of specimen in an x-y plane. Locations were marked on the specimens to indicate where the load will be applied under three-point bending.
Result and Discussion
All the testing is conducted with the five different conditions of 22MnB5 boron steel. Each specimen type tested with three different velocities that were 1 mm/min, 1.5 mm/min and 2 mm/min. All the data has been analyzed on the result below. Figure 1(a) , it can be that the highest flexure stress was at the velocity of 1 mm/min. The value is 989.9 MPa at the 0.03 mm extension. The longest extension is 0.08 mm at velocity 1 mm/min and 1.5 mm/min. For the 2 mm/min show that the shorter extension at 0.06 mm. The lowest value of the flexure stress was at velocity at 1.5 mm/min. All the data is plotted on the Graph 4.41. Figure 4 .41 show the result after flexural test are done.
Figure 1(a): As-Received Boron Steel (AR) flexural test result

As-Received Boron Steel (AR). Based on
Hot Stamped Boron Steel (HPF). Based on Figure 1(b) , the highest flexure test was for the velocity of 1.5 mm/min with the value of 1,475.9 MPa followed by 2 mm/min and 1 mm/min. The longest extension was 0.08274 mm for 1 mm/min and 2 mm/min velocity. Figure 1(c) , the highest flexure stress for 1 mm/min velocity was 2,002.0 MPa and it extended up to 0.02 mm before fracture. For the 1.5 mm/min, the highest flexure stress is 2,250.8 MPa and extended up to 0.03131 mm before fracture occur. The longest extension can be seen for the 2mm/min velocity where the extension reached 0.05854 mm and the flexure stress was 1,744.1 MPa. CW specimen undergone quenching process by cooling with the cold water at -3 o C. Microstructure changes from the heat-treatment and cooling process caused the material to became more brittle [6] . As a result, tremendous reduction on the flexure strain can be clearly seen. 
Conclusion
Based on the result it can be concluded that the heat treatment and cooling processes have an effect on the flexure stress and flexure strain of the boron steel. Boron steel 22MnB5 undergone quenching process by using water at room temperature yield highest flexural strain.
